The paper investigates the extent to which household indebtedness suppressed consumption during the economic downturn in [2008][2009]. The paper uses a unique quarterly panel dataset containing financial information on over 100,000 individuals. The dataset covers the period 2005-2011, when there were large changes in credit volumes, income and consumption in Estonia, a new EU member country. The estimations show that indebtedness measured by the debt-to-income ratio and the debt service ratio hampers consumption over the whole business cycle. The negative impact of the debt service ratio is, however, substantially stronger during the recession than in the pre-crisis and post-crisis periods, while the negative effect of the debt-toincome ratio shows a weakening trend over the sample period. The findings suggest that household indebtedness is amplifying the recession and the debt repayment burden indicates the mechanism which is at work.
Introduction
This paper investigates the impact of household debt on consumption during the 2008-2009 recession. Cecchetti et al. (2011) have highlighted that the total non-financial debt in advanced economies has been rising markedly during the past three decades. Starting at a relatively modest 167 per cent of GDP three decades ago, total non-financial debt has reached 314 per cent of GDP, with the largest contribution to the rise coming from the debt of the household sector, which added 56 percentage points to the increase in the debt. The share of household debt consequently exceeded that of corporate debt in many countries, and the discussion about the economic implications of household debt has received a great deal of attention in the past decade.
Household indebtedness affects the economy via household consumption. There are two different strands of theories explaining the effect of household debt on consumption. The most conventional explanations elaborated from the Life-Cycle / Permanent Income Hypothesis of Modigliani (1954) and Friedman (1957) note the improved possibilities for smoothing income shocks and so decreasing consumption volatility. A new strand of literature emphasises the role of credit frictions, where households' indebtedness amplifies the recession, see Guerrieri & Iacoviello (2013) and Justiniano et al. (2013) among others.
Although several theoretical studies rely on the amplification effect of household debt to explain recent macroeconomic developments, there are only a few studies that use micro data to investigate the underlying assumptions. Dynan (2012) and Cooper (2012) use the US Panel Study of Income Dynamics (PSID) to analyse the role of household debt in the consumption contraction of households during the last recession. Brown et al. (2012) use the Life in Transition Survey from 2010 to investigate the impact of mortgages on the consumption cutback in European countries. Andersen et al. (2014) examine household leverage and consumption using Danish micro data. Considering the active discussion about the implications of household debt for the economy, there is a strong need for microeconomic evidence on the behaviour of indebted households. The current paper addresses this research gap.
The paper contributes to the literature in several ways. First, the paper uses a unique database which contains quarterly information about the financial liabilities and assets of individuals from 2004:Q4 to 2011:Q4. Alongside the financial data, the database includes inflows and outflows from the sight accounts of each individual and this information can be used to proxy income and consumption flows. The quarterly frequency of the dataset over seven years is a unique feature of this dataset as no such database has been used before for analysing consumption dynamics. The time period includes periods of rapid economic growth, a very deep recession and the subsequent recovery. On top of that, the number of indebted individuals in the database is over 100,000 which allows an examination of different subsamples without precision being lost from the estimations.
Second, the paper examines the implications of indebtedness in Estonia, which experienced the largest increase in the household debt burden of any European country in 2000-2007 as the debt-to-disposable income ratio increased from 15 per cent in 2000 to 88 per cent in 2007 while credit tightening was prevalent from 2008.
1 Estonian households have experienced very volatile income changes during the last business cycle: while average annual gross wages increased by 20 per cent in 2007, average annual wages fell by 5 per cent in 2009. 2 The unemployment rate of Estonia was one of the lowest in Europe at 4.6 per cent in 2007 but by 2010 it was one of the highest at 16.9 per cent. 3 The consumption of the household sector followed similar dramatic changes: in 2004-2007 consumption grew by 59.4 per cent, but in 2009 it plummeted by 15.9 per cent from its level of 2007. 4 Rapid developments in the credit markets and big swings in household income and consumption make it possible to investigate the relationship between consumption, income and debt in different parts of the business cycle. The findings improve the understanding about the impact of household debt on consumption in countries with high rates of debt accumulation in the 2000s.
Third, the paper investigates the impact of the debt-to-income ratio and the debt service ratio on consumption, which is less investigated in the literature than the impact of the debt-toassets ratio on consumption. All three ratios indicate to different mechanisms how indebtedness spills over to consumption. The results of the paper are that the debt-to-income ratio and the debt service ratio have different effects on consumption, suggesting that the debt service ratio is an important channel by which indebtedness amplifies a recession.
The paper proceeds as follows: Section 2 provides a brief overview of the theoretical and empirical literature. Section 3 introduces the hypothesis and the models to be tested. Section 4 introduces the dataset and Section 5 delivers the main features of the variables. Section 6 provides the estimation results. Finally, Section 7 summarises the findings.
Literature about the role of household debt in a business cycle
There is a limited number of studies that analyse the role of household debt in the business cycle dating to the time before the Great Recession. Fisher (1933) introduced the debtdeflation theory as an amplification mechanism for the business cycle with two dominant factors: first over-indebtedness and deflation following soon after. King (1994) extended Fisher's debt-deflation theory to the household sector and related the deep and long recession in the beginning of 1990s to the increase in the debt burden during the 1980s. He supports the theory with evidence from 10 developed countries for the period 1984 to 1992 and shows that the slowest recoveries from the global recession in the early 1990s occurred in countries where households had accumulated substantial debt compared to their disposable income.
There are two main mechanisms in the literature explaining how credit booms and busts affect production. The first relies on the credit liberalisation cycle, which is an overall loosening of lending standards followed by an abrupt retrenchment during financial crises. Borrowers increase their consumption following the credit liberalisation and curtail their consumption when the possibility of borrowing tightens. This mechanism is explained by Justiniano et al. (2013) among others. Eggertsson & Krugman (2012) emphasise that highly indebted households have to constrain their consumption more than households with low debt due to 2 The statistics have been taken from the Statistics Estonia database WS011 at http://pub.stat.ee/pxweb.2001/I_Databas/Economy/36Wages_and_salaries_and_labour_costs/09Wages_and_salaries/04Short_term_ statistic/04Short_term_statistic.asp. 3 Source: Eurostat Database at http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database Population and Social Conditions/Labour Market/Employment and Unemployment/LFS Main Indicators/Unemployment LFS Adjusted Series/Unemployment rate by sex and age groups -annual averages. 4 Source: Eurostat database at http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database Economy and Finance/Annual National Accounts/GDP and main components -current prices. the debt limit of borrowers. Nakajima (2012) incorporates temptation into the model and finds that households will over-borrow to over-consume when borrowing constraints are relaxed and that these households have to reduce their consumption more during a downturn than do households that do not over-borrow.
The second mechanism posits that a boom and bust in house prices does not need to be related to credit availability. According to this model, a steep rise in house prices facilitates more borrowing due to the appreciation of the underlying collateral, even for given credit standards. When house prices collapse, the credit cycle reverses. The effect of house price dynamics spills over into consumption demand as the collateral is used not only for purchasing housing but also to finance consumption. Aoki, Proudman & Vlieghe (2002) describe the developments in the UK in the 1990s and the beginning of the 2000s by this mechanism. Alternative amplification mechanisms via house prices have been discussed by Iacoviello (2005) , Guerrieri & Iacoviello (2013) and Midrigan & Philippon (2011) .
The empirical studies using aggregate data to analyse the indebtedness of households use different debt variables, the main ones being the debt-to-asset ratio, the debt-to-disposable income ratio and the debt service ratio (see Barba & Pivetti 2009 , Girouard et al. 2006 , Coricelli et al. 2006 , and Debelle 2004 . The debt-to-asset ratio indicates the coverage of debt by collateral, and the debt-to-income ratio rescales the debt relative to the sources available for debt management over the repayment period. The debt service ratio is the ratio of regular interest and principal repayments to income, and shows current debt repayment capacity.
While several studies described previously rely on changes in asset prices and the collateral effect is captured by the debt-to-asset ratio, Debelle (2004) argues that it is a high debt-toincome ratio and higher debt service which heighten the sensitivity of households to negative shocks. As the debt distress is higher during a recession, indebted households would lower their consumption more than households without debt during a recession. Herzberg (2010) suggests that the decline in the consumption in the Baltic countries was partly induced by debt overhang.
There is a wide range of literature about the relationship between private debt and the business cycle; see Jordà et al. (2011) and the references therein. But there are only a few empirical studies that investigate the relationship between household indebtedness and consumption. The study of Carroll & Dunn (1997) is motivated by the build-up of debt in the 1980s and the weakness of consumption during the recession in the 1990s in the US. They use aggregate US data and show that a run-up in debt can lead to heightened sensitivity to labour income uncertainty. When uncertainty about employment and future income increases during a recession, households with high debt levels reduce their consumption. Murphy (1999) uses aggregate data for the US from 1960-1997 and finds a significant negative relationship between the debt-service ratio of households and future aggregate spending growth.
Considering the economic downturn at the end of the 2000s, Glick & Lansing (2010) examine aggregate data from 16 advanced countries to find out whether the severity of the recession in 2007-2009 was related to the level of household debt. They conclude that countries with the fastest increase in household credit had the deepest declines in real consumption during the recession. Mian & Sufi (2010) investigate household leverage from 2002 to 2007 across US counties. They find that the counties with the largest increase in the debt to income ratio in [2002] [2003] [2004] [2005] [2006] showed the largest declines in durable consumption starting at the end of 2006. The recession began earlier and became more severe in counties with high debt growth than in those with low debt growth.
The use of micro level data to study the implications of household debt on consumption during the last recession is rare. There are two studies using the US Panel Survey of Income Dynamics (PSID). Cooper (2012) uses the survey from 1999-2009 and investigates the first amplification mechanism, which relies on the credit liberalisation cycle. He compares the consumption response to income changes between households with high debt growth and households with low debt growth during the boom. He finds no difference in the consumption response of the two sub-samples. Dynan (2012) uses two waves of the PSID survey, from 2007 and 2009, and finds that highly leveraged households with a high debt-to-asset ratio had weaker consumption during the last recession compared to less leveraged households. Her findings confirm a negative effect from increased household leverage due to the fall in house prices. However, she finds that high debt also dampens consumption in [2005] [2006] [2007] , so the negative impact on consumption is not related to a recession. Andersen et al. (2014) examine the relationship between household debt and consumption in Denmark using yearly data from several administrative registers from 2003 to 2011. They find a strong negative relationship between the pre-crisis loan-to-asset value ratio and the change in non-housing consumption during the recession.
There is only one study on the impact of household debt on consumption in Central and Eastern European countries, countries that typically experienced faster debt growth rates than other European countries during the pre-crisis period until 2008. Brown et al. (2012) use the Life in Transition Survey from 2010. The dataset contains a categorical variable about households' consumption changes. They include in the model a binary variable depicting the presence of a mortgage and find that Eastern European households with mortgages cut back their consumption more than households without mortgages. They do not find such a pattern among Western European households. As the dataset is cross-sectional and includes limited information about liabilities and consumption, it does not fully reveal the behaviour of households.
There are a few studies that use aggregate data to investigate the relationship between the debt service ratio and consumption. Murphy (1998) uses aggregate US data from 1960-1997 and finds that the lagged debt service ratio has a negative relationship with consumption. Maki (2002) uses aggregate US data from 1980 to 1999 and finds that the debt service ratio has no significant effect on spending. He suggests that the aggregate debt burden might not measure the actual debt burden of indebted households accurately. Household level data would provide additional insights into the relationship between the debt service burden and consumption growth. Johnson & Li (2007) investigate whether a high debt service ratio hindered the ability of households to smooth consumption in the US from 1992 to 2005. They find no evidence that the debt service burden dampens consumption smoothing. They did not focus on the impact of the debt service ratio per se, but only on the interaction of income and the debt service ratio. There are limited studies that cover the recession of 2008-2009, which would permit investigation into how changes in the debt service burden have affected consumption. Dynan (2012) provides estimations for the US using PSID and finds that debt obligations crowd out consumption in 2007-2009 but do not affect consumption growth in 2005-2007 after controlling for leverage.
Methodology
This paper uses the debt-to-income ratio and the debt service burden as measures of indebtedness. The argument for examining the debt-to-income ratio rather than the debt-toasset ratio is that a large fraction of households in Europe have few assets aside from their home (ECB 2013). Case et al. (2001) and van der Cruijsen et al. (2014) have found that households' perceptions of their real assets are downwardly sticky which raises the question of whether the changes in the debt-to-asset ratio caused by changes in house prices pick up other unobserved variables such as consumer sentiment (Attanasio et al. 2009 ).
Additionally, households in advanced countries use collateral debts extensively for consumption purposes and this could be a reason for relating household consumption behaviour to the value of collateral; see Mian & Sufi (2011) and Klyuev & Mills (2006) for evidence. In Central and Eastern European (CEE) countries the collateralised debt mainly covers investment in housing and the borrowing constraint for consumption purposes comes from the debt repayment capacity that is directly related to income (Herzberg 2010) . Households in new EU member countries have experienced sharp falls in income following the last recession (Levasseur 2012) , making it possible to investigate whether the changes in indebtedness due to income changes affect consumption.
The paper investigates two questions. First, how much the relative debt level (the debt-toincome ratio) and the relative debt burden (the debt service ratio) affect consumption growth. The two ratios are related as the debt servicing ratio depends on the amount of debt which is taken. However, they express different mechanisms. Two households with the same debt-toincome ratio may have very different debt service ratios when the maturity of the debt is different. Therefore the debt-to-income ratio indicates the debt overhang effect, where the debt exceeds the optimal level and therefore worsens the household's ability to manage the debt over time. The debt service burden indicates the debt distress effect, meaning that servicing the debt directly affects the current funds available for spending and saving. The investigation of both variables sheds more light on the mechanism through which indebtedness works on consumption.
The second question is whether household indebtedness has a larger effect on consumption during a recession than at other times in the business cycle which would refer to the amplification of the recession. The amplification effect reflects changes in the impact of debt on consumption over the business cycle.
The paper uses a standard consumption model, see Jappelli & Pistaferri (2010) and Attanasio & Weber (2010) . The model assumes that all predicted changes in income are already taken into consideration when consumption decisions are made. Only unexpected changes in current income or new information about future income should affect consumption. However, current income changes contain new information about future income levels if income changes are relatively persistent, as shown in the study of the persistence of income shocks by Kukk et al. (2012) .
The wealth variables are included in the model in a similar way to Dynan (2012) and Andersen et al. (2014) , assuming that the ex ante wealth level may impact consumption growth. Net wealth can be disentangled into liabilities and assets, and the balance of liabilities has been the main interest in the study of Dynan (2012) , Cooper (2012) and Andersen et al. (2014) . The hypothesis is that households take into account the amount of liabilities on the balance sheet when they make their consumption decisions.
Similarly, this paper investigates the effect of the debt-to-income ratio and debt service ratio of previous period on the following consumption growth. Therefore in addition to the lagged debt-to-income ratio and the asset-to-income ratio the debt service ratio is included to the model. The ratios rather than gross volumes are used in order to keep the observations where the value of the variables is zero in the estimations. If the variables were in logs, which would be an alternative approach, these observations would be lost.
The following empirical specification of the consumption model that incorporates household wealth components is used:
where i is an individual person and t denotes time;
it c log  is the change in the log of real consumption and it y log  is the change in log real income. The coefficient β denotes the sensitivity to income changes, which may also entail information about future income streams. The variable 1  it DtoI denotes the debt to income ratio of the previous period and the variable 1  it Dsr stands for the debt service ratio of the previous period. The coefficients ϕ and ψ depict the effect of the respective ratios on consumption changes. The vector of Z it-1 contains the asset-to-income ratio and other control variables such as a dummy for debt repayment problems that may affect consumption changes.
There is a substantial number of households who do not own any debt, but it is only possible to estimate the coefficient ϕ and ψ in eq. (1) for indebted households. Debt ownership is affected among other things by the attitude towards debt or the willingness to borrow, as discussed by Chien & Devaney (2001) . It is reasonable to assume that unobserved characteristics which affect debt ownership may also affect the consumption change of households. For example, if indebted households are more eager to change their consumption because of preferences which are not observed, the debt variable would pick up this effect and the estimated ϕ and/or ψ will be biased. In this case selection bias needs to be taken into account. One possibility is to estimate the control equation for debt ownership, calculate an inverse Mills ratio and include the IMR in eq. (1), as done in Kukk (2014) . With a panel dataset, a fixed effects model is typically preferred to eliminate or reduce the selection bias. In eq. (1) u i is the individual fixed effects and τ t the time fixed effects. The time fixed effects are included to control for time-varying heterogeneity that may stem from omitted common variables or global shocks. Finally, it  is an error term.
The main focus of the paper is on household debt, and the coefficients ϕ and ψ show the extent to which the lagged debt ratio affects the consumption growth. If debt dampens consumption growth, the estimated coefficient ϕ and/or ψ should be negative. Or said differently, indebted households constrain their consumption growth more than households without debt. The current model does not relate the effect of indebtedness to any other variable which determines the consumption change but estimates the impact of indebtedness on consumption growth per se.
The debt-to-income ratio may be higher than average because the debt volume is higher than average while income is average or because income is lower than average while the debt volume is average. It is not relevant to distinguish the two components of the ratio as the relative debt level is important when individuals assess their capacity to repay their debt; the debt is usually repaid from income. The debt ratio can increase either because the debt is increasing in size or because income is decreasing.
The current model specification does not rule out the possibility that the high debt level or high debt repayment amounts will affect not only the consumption change but also the other choices of a household such as the labour supply, which would affect the income change. In this case the income change and the debt variables in eq. (1) are correlated and the estimated coefficients ϕ and ψ show only the direct effect of the indebtedness on the consumption change, not taking into account the indirect effect via the income change. The relationship between indebtedness and the labour supply is beyond the scope of this paper.
The parameters ϕ and ψ in eq. (1) can be estimated for different time periods in order to examine the stability of the estimated coefficients. When indebtedness amplifies the recession, the impact of the debt-to-income ratio and/or debt service ratio should be different during the economic growth period and the recession. More precisely, the amplification effect implies that the negative coefficient ϕ and/or ψ is lower during the recession (larger in numerical terms) than when the economy is growing. Previous papers in the area do not investigate the dynamics of the impact of indebtedness on consumption over the business cycle. Therefore the following model is also estimated:
where the estimated coefficients β t , ϕ t , ψ t and the vector of estimated coefficients α t may vary across time periods. In addition to the assumption of time-varying coefficients of ϕ and/or ψ, it is reasonable to relax the assumption of the constant parameter of β and the vector of constant parameters of α. The sensitivity of consumption to an income change depends on the persistence of the income change, which might vary over the business cycle. Additionally, the effect of assets and repayment problems is allowed to vary. The paper does not focus on the changes in these coefficients, as a relaxation of the assumption about constant coefficients is needed to avoid the estimated coefficients ϕ and ψ picking up the effect of other time-varying coefficients if these are constrained to be constant.
Dataset
The paper uses a unique anonymised client database from a financial institution. The database includes quarterly information about individuals who were regular clients of the financial institution from 2004:Q4 to 2011:Q4. 5 The panel structure of the database makes it possible to follow the changes in the behaviour of the same individual over a sequence of time periods. It is therefore possible to compare the effect of debt on consumption over the business cycle.
Although the database contains information from only one financial institution and does not cover all the financial information about an individual, this is not considered to be a major concern. In Estonia there is very high financial inclusion of individuals, as 97 per cent of individuals own an account at a formal financial institution and the share is among the highest in Europe (Demirguc-Kunt & Klapper 2012). On top of that, the financial sector is very concentrated in Estonia and most individuals make all their financial transactions in one financial institution. A more detailed discussion of the reliability of the database is provided in Appendix A.
The main limitation of the dataset is that it contains information at the individual level while consumption behaviour is conventionally analysed at the household level. A household may have a joint bank account but in most cases the income and expenditure of a household is split between the bank accounts of household members. As the database does not allow household members to be matched, some additional robustness tests are warranted.
An important feature of the dataset is the information about quarterly inflows from legal entities (companies or other institutions) and outflows from the sight accounts of an individual. As mentioned earlier, a majority of the financial transactions of individuals are made through sight accounts, and payments from legal entities can be interpreted as earnings. Alternatively, the total inflow to a sight account could be considered as earnings but this variable is considered to be endogenous as each individual can determine the payments to the sight account which are not made by legal entities. These payments are mainly payments from savings or sight accounts at other financial institutions or transactions between spouses. Therefore the inflow from legal entities is used, which contains such income sources as salaries, benefits, dividend payments and self-employment. The proxy excludes other official or unofficial income.
The outflows from the sight account exclude payments to savings or other accounts held by an individual that reflect saving decisions. The outflows also exclude payments to the commercial bank that mainly consist of interest and principal payments on the debts. When these transactions are excluded, the rest of the outflows from the sight account can be interpreted as spending. The outflow from the sight account can take the form of payments, transactions or cash withdrawals. There is still some measurement error for the spending variable as the outflows from the sight account do not include imputed rent and the spending on housing is therefore lower for a homeowner than for a renter. As the paper focuses on changes in inflows and outflows, the differences in levels do not affect the changes in spending as long as the tenure status does not change during the period, or if it is controlled for by tracking of homeownership. The dynamics of mean inflows and outflows from the sight account are shown in the next section.
In order to control for seasonal fluctuations and make the variables comparable to standard measures for households, yearly income values are computed. Yearly income is the sum of inflows from legal institutions to a sight account in the current quarter and the three preceding quarters. The outflow from the sight account (excluding payments to saving accounts) in the current quarter and the three preceding quarters is used as a proxy for yearly consumption. The yearly consumption and income variables are computed for each quarter.
The database contains information on the stock of total financial liabilities of the individual, which comprises the balance of mortgages, consumer loans, overdrafts and revolving credit cards at the end of each quarter. The database includes information about any new mortgage or any additional mortgage in each quarter. As noted, this is needed to control for outflows from the sight account for purposes other than consumption and for changes in homeownership.
The two variables of indebtedness that are used in the paper are the debt-to-income ratio and the debt service ratio. The first ratio is computed by dividing the stock of debt at the end of the period by the income from legal entities for the preceding year (four quarters). Yearly income is used instead of quarterly income to offset seasonal changes of income, which would lead to seasonal volatility of the ratio as the debt stock is relatively stable across a year.
The second variable related to debt, the debt service ratio, is computed as debt payments in the current and three previous quarters divided by the income of the same quarters. The yearly ratio is computed to offset the cyclical pattern of income. The nominal variables of consumption and income are deflated by the HICP consumer price index and the real variables are expressed in 2005 prices; the variables are expressed in logarithms.
The notation of the main variables in the model is given in Table 1 . The panel summary statistics of the variables are given in Appendix B in Debt-to-yearly income ratio; debt stock is measured at the end of quarter t and income is the sum of the income of the four previous quarters it Dsr Ratio of annual debt service payments to annual income in quarter t
The dataset contains a variable depicting the stock of financial assets including deposits, funds, bonds and shares at the end of each quarter. It is possible to control for the differences in consumption changes between individuals with different financial assets. The dataset lacks information on the real estate of the individual. However, it has been argued by Buiter (2010) that changes in home values do not change the wealth of households and it is posited by Attanasio et al. (2009) that the wealth effect on consumption may actually capture the effect of common underlying factors.
The dataset comprises information about ownership of different saving products such as pension insurance and life insurance that imply regular outflows of savings from sight accounts. These variables can be used to control for the outflow from the sight account to the saving products. The dataset includes some demographic variables such as age and gender. These can be used for robustness checks across different sub-samples. The main description of the additional control variables is given in Table C .1 in Appendix C.
There are in total 2,597,000 observations in the pooled dataset across 29 quarters from 2004:Q4 to 2011:Q4 for 108,000 individuals or around 12 per cent of the total population of Estonia. The initial filtering of the total client database has been done by the financial institution, excluding all individuals below the age of 20 in 2011:Q4 and above the age of 70 in 2004:Q4. In order to avoid double banking relationships, the financial institution has excluded all private clients for whom the financial institution is not identified as the main bank for the whole time period of 2004-2011.
Some additional exclusions from the dataset have been applied, such as the exclusion of all individuals who could be identified as farmers, self-employed, entrepreneurs or family doctors as there is evidence that these groups use their private accounts for business purposes. Additionally, the individuals for whom any of the quarterly inflows or outflows of the sight account fall in the upper 99 th or 100 th percentile have been excluded. Individuals whose transactions of securities (funds, bonds and shares) fall into the 1 st , 2 nd , 99 th or 100 th percentile were also excluded; extraordinary large transactions from sight accounts have a higher probability of denoting a transaction atypical of the income or expenses of an individual. Observations with other abnormalities such as negative values for any original variable, or with a debt-to-income ratio or debt service ratio in the 99 th or 100 th percentile were also excluded.
Description of the variables
The dynamics of the main variables are presented in order to provide an understanding of the evolution of household indebtedness. First the developments of the mean and median of the inflows to the sight account from legal entities and the outflows from the sight account during 2004-2011 are given. The first variable is used as a proxy for income and the second as a proxy for spending. The dynamics are presented in Figure 1 , which shows that there is substantial seasonal fluctuation in both the income and spending variables. Both income and spending are higher in the second and fourth quarters of the year, which is consistent with the aggregate data. The decline in indebted households can be explained by a substantial drop in households' demand for credit during the recession, as found by Meriküll (2014) . At the end of 2011, the share of indebted households in the sample was about 40 per cent, indicating that the behaviour of indebted households would have a major impact on the aggregate behaviour of the household sector. Figure 3 shows the quarterly dynamics of the debt ratios which are used in the estimations, i.e. the debt-to-income ratio and the debt service ratio. The summary statistics are given in Appendix B, Table B .2. Several important observations emerge from Figure 3 . First, the mean debt-to-income ratio was relatively stable during the period of economic growth, increasing slightly from 1.18 in 2005:Q3 to 1.28 in 2007:Q3 due to the rise in the debt volumes, and falling slightly to 1.23 by 2008:Q3. A substantial increase in the debt-to-income ratio occurred from 2008:Q3 to 2010:Q2 when the ratio reached 1.42. The increase was mainly induced by the decline in household income, while the mean debt volume was relatively stable (see Figure 1 and Figure 2 ). Since the beginning of 2011 the debt-to-income ratio has decreased slightly. The pattern of the debt-to-income ratio is different from the aggregate debt-to-disposable income ratio, which increased from 60 per cent in 2005 to 95 per cent in 2009. 6 The explanation for the different dynamics of the aggregate and individual debt-to-income ratios is the change in the "penetration" of debt as seen in Figure 2 The following period showed a modest increase in the ratio to 0.36 by 2010:Q1 and a slight decrease since then. Hence, the debt payment burden of individuals increased even more rapidly when the economy was growing than during the recession and the reason behind the change in the ratio varies over the period. The increase during the period of economic growth was induced by the increases in average debt volumes as given in Figure 2 . The increase during the recession was caused by the decline in income.
The estimations

The empirical model
Due to the special features of the database, some adjustment is made to eq. (1). As shown in Figure 1 , there are substantial seasonal fluctuations in the quarterly data for consumption and income, and therefore the income and consumption variables for each quarter are computed on a rolling basis where four previous quarters are added together, as explained in Section 4. In order to estimate the yearly change in consumption for two consecutive years, the difference in log consumption between quarters t and t-4, , has been used. The yearly change in income is expressed as the difference in log consumption between t and t-4: The panel dataset makes it possible to use a fixed effects model to control for household heterogeneity and time-invariant household-specific characteristics are therefore not included. Quarterly dummies capture the cross-sectional dependence.
The following equation, an extended version of eq. (1), was estimated:
The vector Z' contains wealth-and debt-related variables which might affect the consumption growth, such as the ratio of financial assets to income and a dummy for debt repayment problems. The vector X' contains other control variables, which are needed because consumption is a proxy for the outflows from the sight account. A brief description of the required control variables follows.
First, outflows from sight accounts include transfers to saving products offered by other financial institutions. These outflows should not be considered as expenditure but as saving.
Transfers to investment and savings accounts in the same financial institution have been ex ante deducted from the outflow of sight accounts. It is also possible to control for regular saving in the insurance products of the financial institution by including a dummy for acquiring a life insurance or a pension insurance product.
Second, the servicing of mortgage debt used for home purchase should not be counted as consumption, even though these funds are an outflow from the sight account. Hence, when the outflow from the sight account for a period when a mortgage was taken is compared to the outflow for the following period, a significant decrease in the outflow from the sight account should be observable. On top of that, there might be an additional effect from mortgage debt when the individual changes her/his tenure status from renter to homeowner as rent payments are replaced by debt payments. Rent payments are reported as outflows from the sight account while debt payments are not. This might lead to estimated negative coefficients ϕ and ψ even if housing costs remained the same and rent payments equalled debt payments while keeping the consumption of other goods same. Therefore any new or additional mortgage that would alter the results should be taken into account. Initial estimations showed that a new or additional mortgage increases the outflow from the current account in the same and the following quarter. Hence, dummies for new or additional debt are added for the time periods between t and t-8. The full list of control variables is given in Table C .1 in Appendix C.
The fixed effects model assumes stationarity of the variables as the use of a fixed effects model with a non-stationary series of variables would lead to spurious regression. Most unit root tests assume an asymptotic time property and without a sufficiently long time period the unit root tests are weak. The unit root tests of Harris & Tsavalis (1999) and Im, Pesaran & Shin (2003) can be used for samples with a fixed time period and an asymptotic sample size, which are the features of the dataset used in this study. The Harris-Tsavalis test assumes that all panels share the same autoregressive parameter while the Im-Pesaran-Shin test relaxes the assumption of a common autoregressive parameter. The Harris-Tsavalis test requires a strongly balanced dataset, while the Im-Pesaran-Shin test does not require a balanced dataset (although there cannot be gaps within a panel). Therefore both tests can only be implemented for data series which do not contain missing observations. Both unit root tests take crosssectional dependence into account.
The results of the two unit root tests are given in Table C Empirical studies using aggregate data typically find a unit root and co-integration for household log real consumption and log real income, but I(0) for the variables in differences; see Morley (2007) and the references therein or Aben et al. (2012) for the Estonian data series.
Empirical evidence suggests that the data series of aggregate household debt and assets may be non-stationary; see Bassanetti & Zollino (2012) and Martinez-Carrascal & Rio (2007) . Therefore the unit root tests were implemented for all wealth-related ratios. Both the HarrisTsavalis and Im-Pesaran-Shin tests reject the hypothesis that the debt-to-income ratio, the debt service ratio and the asset ratio contain a unit root. The other variables in eq. (3) are dummies. The results of the unit root tests suggest that the current model specification in eq. (3) can be estimated by fixed effects.
Estimations for the full sample period
The main interest of the paper is the coefficients ϕ and ψ, which express the impact of the previous debt-to-income ratio and debt service ratio, respectively, on the current consumption decision. The coefficients are expected to be negative under the hypothesis about the negative impact of debt on consumption as discussed in Section 2. The estimations cover the period from 2006:Q4 to 2011:Q4. The results of the baseline estimations for the full period using two different debt variables are given in Table 2 . The estimated coefficients of the main variables are given in the table while the results for the full model with the control variables are given in Appendix C Table C.3.
The estimations reveal that the hypothesis about the negative impact of debt consumption is confirmed. Table 2 column (1) shows that the coefficient for the debt-to-income ratio ( 4  t DtoI ) is -0.048, implying that the average debt-to-income ratio of 1.3 in the sample suppresses the yearly consumption on average by 6.1 per cent over the whole period. Figure 3 shows that between 2008:Q3 and 2010:Q2 the debt-to-income ratio increased by 0.2 points in the sample, suggesting that during this period the negative effect on yearly consumption change was bigger. When eq. (3) is estimated with the debt service ratio, 4  it Dsr , the results are quite similar. Table 3 column (2) shows the coefficient for the debt service ratio is -0.18, implying that the average debt service ratio of 0.31 in the sample suppressed the yearly consumption by an average of 5.6 per cent over the whole period. As the debt service ratio increased between 2006:Q3 and 2010:Q1 by 0.13 points, the suppression of consumption was presumably stronger in 2009 than in 2006.
The third set of estimations includes both the debt-to-income ratio and the debt service ratio in one model to see whether they capture the same effect of indebtedness. Table 2 column (3) gives the results for the model with two debt variables. Both remain statistically significant although slightly smaller than in columns (1) and (2); the estimated coefficient of the debt-toincome ratio is -0.037 and the coefficient of the debt service ratio is -0.14. The estimations suggest that yearly consumption was hampered on average by 4.8 percent by the debt-toincome ratio and by 4.3 per cent by the debt service ratio over the sample period.
Appendix C Table C.3 columns (1)-(3) provide the estimation results of Table 2 for all variables including the control variables. Column (4) and column (5) in Appendix C Table  C .3 show the estimations without time fixed effects and without individual effects, respectively. The exclusion of time fixed effects alters the estimated coefficient for the debt service ratio, suggesting that this variable would pick up aggregate shocks when time dummies are not included. When individual heterogeneity is not taken into account, both debt variables are upward biased, i.e. the coefficients are less negative. If borrowing households are less patient than households who do not borrow, as is modelled by Eggertson & Krugman (2012) , the cross-sectional variation shows smaller negative relationship between consumption growth and indebtedness. Appendix C Table C .4 provides additional robustness tests by excluding one-by-one the other control variables, which are financial assets (column (2)), a dummy for debt repayment problems (column (3)), dummies for saving products (column (4)), and dummies for a new or additional mortgage (column (5)). The estimations of the debt-to-income and debt service variables are somewhat affected by the exclusion of the mortgage dummies, while the estimated coefficients are robust to the exclusion of the other variables and are also robust to the inclusion of a dummy for debt repayment problems. The overall result of the robustness estimations is that the results are robust to different model specifications.
The upshot is that indebtedness has a negative impact on household consumption; households lower their consumption when their debt levels increase. The estimations confirm the hypothesis that debt has a negative effect on consumption and are consistent with other studies; see Andersen et al. (2014) , Dynan (2012) , and Brown et al. (2012) . Only Dynan (2012) includes the debt service burden in the model showing that both leverage (the debt-toasset ratio) and the debt service burden are negatively related to consumption growth in the period 2007-2009. The estimations confirm that both debt-to-income and the debt service burden are important for consumption decisions, hence both the relative indebtedness and the current debt burden matter. Taking two individuals with the same debt-to-income ratio while one individual has higher debt repayments because the maturity of the loan is shorter or the interest rate is higher, he/she supresses the consumption more compared to the individual with low debt payments.
Quarterly estimations
The results in Subsection 6.2 give the average effect over the business cycle. If consumption is dampened similarly during the period of economic growth and the recession, then the indebtedness does not amplify the recession. The amplification effect of debt implies that the negative effect on consumption is stronger during an economic downturn than during the other parts of the business cycle. The estimations for different sub-periods would reveal whether the linkage between debt and consumption changes over the business cycle.
It is usually difficult to assess the change in the effect as frequent data for a long time period are needed. Andersen et al. (2014) The dataset used here contains so many quarterly observations that it is possible to estimate the coefficients ϕ and ψ for each quarter separately. The model including both the debt-toincome ratio and the debt service ratio is preferred, otherwise one variable may capture the effect of the omitted variable as shown in Table 2 and it would make the interpretation of the results more difficult. The model does not suffer from multicollinearity problems as the correlation between the two debt variables is modest (0.48) and the number of observations is very large.
The following model was estimated:
In the model the coefficient ϕ t denotes the impact of the lagged debt-to-income ratio on consumption change and the coefficient ψ t denotes the impact of the lagged debt service ratio on consumption change in quarter t. Not only the coefficients for debt variables but also all other coefficients are allowed to vary quarterly. All other control variables and time fixed effects in eq. (3) are included in the model.
The estimated quarterly coefficients for the debt-to-income ratio and for the debt service ratio are given in Appendix D Table D. 1. The dynamics of the estimated quarterly coefficients are captured in Figure 4 , where the quarterly point estimates are presented together with the 95 per cent confidence intervals. Although the estimations for the full period given in Table 2 indicate quite a similar magnitude of the effects of the debt-to-income ratio and the debt service ratio on consumption growth, the quarterly estimations reveal some differences. The results suggest that the negative effect of the debt-to-income ratio on consumption is not following the business cycle. Figure 3 showed that the average debt-to-income ratio increased most during 2009 and in 2009:Q4 an individual needed on average 134 per cent of their yearly income to cover their total debt, compared to 124 per cent of yearly income in 2008:Q4. Nevertheless, the estimated effect of the debt-to-income ratio decreases during the same period from -0.05 to -0.03, meaning that the negative effect on consumption weakens. This is consistent with the study by Dynan (2012) , which shows that the negative relationship between leverage and consumption growth is stronger for It is not possible to estimate the share of the drop in aggregate consumption induced by indebtedness, as current estimations give only direct effect and it is more complicated to estimate the general equilibrium effects in the whole economy. Mian & Sufi (2012) show that the decrease in aggregate demand induced by the decrease in consumption leads to high unemployment which has further implications on the economy. Nevertheless, the estimated drop in consumption growth due to indebtedness in the sample is substantial, suggesting an important role for the debt in the aggregate consumption growth. In the sample, around one half of the individuals were indebted in 2009, hence a rough estimate is that approximately one quarter of the total consumption drop in 2009 may be related to household indebtedness.
As the current estimations were carried out for individuals and not households, additional robustness tests were used for different sub-samples. If spouses share their expenses differently, the effect of indebtedness on consumption might be different for males and females. This would complicate the interpretation of the results when individual-level data are used. The quarterly estimation results for the debt service ratio are given in Figure 5 and they show a very similar pattern for the estimations among females and males. The estimated coefficients of the debt-to-income ratio are likewise very similar and are therefore not reported here. The estimations for the sub-sample suggest that the results are not affected when individual-level data are used.
Another set of estimations were run for different age groups. The coefficient estimates vary slightly more at the pre-crisis level across age groups, but the debt service burden does not seem to suppress the consumption of individuals aged over 50, as the estimated coefficient is close to zero. However, the general trend in all age groups is similar, as the negative effect of the debt service ratio on consumption is stronger during the recession and the effect is much smaller before and after the recession. This indicates there is a similar effect from the debt service ratio across different demographic groups. Again, as the estimates for the debt-toincome ratio show a similar pattern across age groups, the results are not reported here. As a robustness test, additional estimations were carried out with different income variables. The baseline estimations use inflow to the sight account from legal entities as an income variable. Alternatively, the total inflow to the sight account could be used as an income variable, although this variable is likely to be endogenous as individuals can arrange more inflows to their sight account if they plan to increase the outflow from the account, e.g. by making transactions between spouses or between different sight accounts. Another set of estimations of eq. (4) was run where total inflow to sight account was used as a proxy for earnings when estimating the debt-to-income ratio, the debt service ratio, the yearly total income and the asset-to-income ratio. The estimated quarterly coefficients for the debt-toincome ratio are given in Appendix D Table D .1 column (3) and for the debt service ratio in column (4). The point estimates are slightly lower for the debt-to-income ratio and slightly higher for the debt service ratio than the results of the baseline model given in column (1) and column (2) . However, the dynamics of the estimated coefficients are similar to the baseline model, indicating that the way the proxy for income is computed does not alter the main conclusions.
In conclusion, the debt service burden contains important information about the consumption decisions of households. The overall negative impact of indebtedness on consumption growth increases substantially when the average debt service burden increases and the effect is stronger during the recession. The dampening effect is marginal during the period of economic growth, meaning households decrease their consumption because of increasing debt burden levels marginally. However, the negative effect of the given debt service burden increases substantially during the recession, indicating the debt service burden has amplified the recession. The amplification of the recession occurs in two ways. First, households are more reluctant to consume with a similar debt service burden to the pre-crisis one. Second, the increase in the debt service burden during the recession enhances the negative effect on consumption. The results indicate that debt servicing plays an important role in the consumption cutback during 2008-2009. Mian et al. (2013) highlight that household debt has distributional effects as due to the debt the negative shocks are distributed unevenly across households. They show heterogeneity in households' response to negative shocks. Further analysis of the different income quintiles would provide additional insights into the distribution of the negative relationship between debt and consumption. It is investigated whether the impact of indebtedness on consumption differs across income groups. Individuals are divided into five income quintiles and the mean debt-to-income ratio and debt service burden are estimated for each income quintile and for each quarter. Figure 6 shows the evolution of the mean debt-to-income ratio and debt service burden of individuals in different income quintiles. The average debt-to-income ratio is the highest for individuals in the highest income quintile, indicating that individuals in higher income groups are more indebted than individuals in lower income groups. The average debt volume over the whole period is 98 per cent of the yearly income for individuals in the second income quintile and 170 per cent of the yearly income for individuals in the highest income quintile. The explanation is that in 2000s, when financial deepening occurred in CEE countries, debts were mainly accumulated by higher-income households (Herzberg 2010) .
The estimations for income quintiles
The rise in the debt-to-income ratio was steeper for individuals in higher income quintiles from 2006 to 2010. The debt-to-income ratio increased by 30 per cent for individuals in the fourth and fifth income quintiles while the increase was around 20 per cent for individuals in the second and third income quintiles. The debt-to-income ratio in the lowest income quintile shows a different pattern as the ratio decreased significantly during the period of economic growth in 2006-2007 and increased again in 2010-2011. As individuals in different income quintiles experience different dynamics in the debt-to-income ratio, there might be differences in the impact of indebtedness on consumption. The distribution of the debt service ratio across income groups is quite even, although individuals in the lowest income quintile have a somewhat higher debt service burden than the individuals in other income groups, as the average debt service burden for the lowest income quintile over all quarters is 0.42 while for the other income quintiles it is around 0.30. 8 The similar debt service burden across different income groups may be related to the credit conditions of the credit supplier, which set the maximum share of income that can be used for debt servicing.
The increase in the debt service burden occurs for individuals in all income groups in [2007] [2008] [2009] . Individuals in the second income quintile experience a rise in the debt service burden of 80 per cent between 2006:Q3 and 2010:Q1, while individuals in the highest income quintile face a rise of 38 per cent during the same period.
In order to investigate the differences in the consumption change due to indebtedness between different income quintiles over the business cycle, the coefficients ϕ for the debt-to-income ratio and ψ for the debt service burden in eq. (4) 
The coefficients ϕ pq and ψ pq denote the impact of the lagged debt-to-income ratio and the lagged debt service ratio, respectively, on consumption for income quintile q in p time periods which are the years from 2007 to 2011. Table 3 gives the estimated coefficients of the debt-to-income ratio in eq. (5). The estimated coefficients are tabulated in a way that helps to follow the evolution of the coefficient over the period in each quintile. The estimation years are given in columns and the income quintiles are given in rows. The estimations suggest that the negative relationship between the debt-toincome ratio and consumption change is slightly decreasing over the years for individuals in all income quintiles. The weakening of the negative relationship between the debt-to-income ratio and consumption growth is evident for individuals in lower income quintiles while it is less distinct for individuals in the highest income quintile. As the debt-to-income ratio is the highest and it increases the most during the observed period for individuals in the highest income quintile, the negative effect of the ratio on consumption growth is most prevalent for those individuals. However, the debt-to-income ratio is not amplifying the recession in any of the income quintiles. No. of obs.
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Notes: FE estimation of eq. (5). All explanatory variables and time dummies are included in the estimations but not reported. Standard errors are reported in parentheses below the coefficient estimates, SE estimates are robust to disturbances that are heteroskedastic and autocorrelated. Superscripts ***, ** and * indicate that the coefficient is statistically different from 0 at the 1%, 5% and 10% level, respectively. Table 4 To summarise, the negative effect of debt on consumption growth is not concentrated in any specific income group and indebtedness affects household consumption in a wide population group. No negative amplification effect on consumption growth is found for the debt-toincome ratio in any income quintiles, but the effect is apparent for the debt-service ratio. It suggests that indebtedness plays an important role in determining the consumption decisions of all indebted households. The results are likely to apply to other CEE countries which experienced fast growth of private debt with a rapid increase in household income in 2000s.
Final comments
This paper examines the role of household debt on household consumption during the 2008-2009 recession. The paper uses a unique quarterly panel dataset from a financial institution covering the period from 2004:Q4 to 2011:Q4 and estimates the effect of indebtedness on consumption change over different parts of the business cycle.
The paper estimates a conventional consumption model augmented by two debt variables. The indebtedness is measured by two variables, the debt-to-yearly income ratio and the yearly debt service ratio. The first ratio shows debt management capacity and according to one hypothesis households may reduce their consumption due to their indebtedness. This mechanism can be called the debt overhang effect. The second variable is the debt repayment ratio and there is a hypothesis that households hold back consumption during the recession because they experience a heavier burden from regular debt repayments. This mechanism works through the financial distress of households.
Several broad patterns emerge from the results. Household indebtedness, either measured as the debt-to-income ratio or the debt service ratio, has a significant negative impact on household consumption growth over the whole period of 2006-2011. The debt-to-income ratio expresses a slightly decreasing negative impact over the observed period which is apparently not related to the business cycle. The same pattern is observed among individuals in all income quintiles, so no amplification effect of the debt-to-income ratio is detected over the business cycle.
On the other hand, the debt service ratio has an impact on consumption change that varies over the business cycle. There is a significant negative impact from the debt service ratio on consumption growth during the recession in 2008-2009, while before and after the recession the negative impact is weaker. Hence, an amplifying effect of the debt service ratio is found for the recession and the effect is stronger for individuals in the lower income quintiles. One explanation is that the debt repayments refer to the current debt obligations by individuals and the burden is easily assessed by individuals, while the debt-to-income ratio captures the debt management capacity over the long period and it is not closely followed by the households.
The upshot is that it is the debt service ratio rather than the debt-to-income ratio that captures the amplification of the recession. In the literature the importance of the measure of the debtto-asset ratio is emphasised. The current paper sheds light on additional measures related to income. The results of the paper suggest that the debt service ratio contains useful information about the link between indebtedness and consumption.
The findings of the paper are useful for policy suggestions as high debt service burden can be alleviated by the decline in the interest rate which was also observed in [2008] [2009] . Without this measure the debt service burden would probably have been higher and the negative effect on consumption might be even stronger.
The general equilibrium effect of households' indebtedness on aggregate economy is more complicated to estimate and current study does not give the answer to this question. The drop in aggregate demand because of the drop in household consumption due to the indebtedness will have further implications on the economy through changes on labour market and changes in prices. These issues can be investigated in future research. 
The database covers the financial transactions of individuals only via the financial sector.
First, the coverage of the financial sector is very high in Estonia and the use of cash has decreased considerably during the last decade. According to the National Accounts, about 5.2 per cent of the financial assets of households were kept in cash at the end of 2004 and only 3 per cent at the end of 2011. 10 The rest, except unquoted shares, are kept in financial institutions as deposits or invested via the financial institutions in pension products, life insurance products, investment funds, bonds or shares. Hence a substantial share of the financial assets of the household sector is managed by financial institutions. 13 The share of electronic payments has been over 90 
The database includes rough proxies for the spending and income variables.
There are no databases that contain all the three components of household income, consumption and finances with full accuracy. The proxy of income does not include unofficial income, but Kukk & Staehr (2014) highlight that it is as difficult to track unofficial earnings in household surveys as in any other database.
Additionally, consumer surveys suffer from measurement error problems as households tend to be reluctant to report their assets adequately. Mathä et al. (2012) compare the statistics of the National Accounts and the household budget surveys of different countries. They show substantial underreporting of both financial assets and liabilities in the Survey of Household Finances (SCF) and in the Survey of Household Income and Wealth (SHIW). Measurement error for financial data is not present in the dataset used by this paper as all the financial information is taken from registers and not reported by individuals.
Taking these advantages and disadvantages of the dataset into account, it can be said that the data from one financial institution covers the financial behaviour of an individual sufficiently well for the dataset to be used for the research. Debt-to-yearly income ratio; debt stock is measured at the end of quarter t and income is the sum of the income of the four previous quarters
Appendix B
it Dsr
The ratio of annual debt service payments to annual income in quarter t
Finasset it
Ratio of financial assets to yearly income from legal entities at the end of quarter t. Harris-Tsavalis test assumes a common autoregressive parameter and the null hypothesis is that panels contain unit roots while the alternative hypothesis is that panels are stationary. Im-Pesaran-Shu test assumes panelspecific autoregressive parameters and the null hypothesis is that all panels contain unit roots while the alternative hypothesis is that some panels are stationary. Superscripts ***, ** and * indicate that the null hypothesis is rejected at the 1%, 5% and 10% level, respectively. 
